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Method for passivating the inner surface by deposition of a ceramic coating of an apparatus 
subject to coking, apparatus prepared thereby, and method of utilizing apparatus prepared thereby. 
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BACKGROUND OF I HE NVt NIION 

Y e < i i'i" tin..- Invi ol on 

Hie j <r< ••' ft invention relates to ci motho.l fur [ vesi mating the mti-ni.r of u.-a- .oiS AhiCh t'lii: sul_|0<d to 
coking such as hydrocarbon pyrolysis tubes, in order to r oduce the rate of coke formation, m padculai 
dar rig the r f od.ictior of ethylene The invention relates both tc convent onal ethylene p'Odui.tion whu; n 
uses steam in *ho fcodstcck as a diluent and to noneonvontional production which employs steam loss 
ciai king of a ;od stock. Tin; present invention also rebates tu an rr proved apparatus oxhihtting a ledaced 
tendency - o undergo '"king nroriuced by £in.h a method and a nathor: fi >■ pyrolyzmg h/droear eons 
ualeong su;;l an . t: i| >a- ake 

Dts:ussion ot the Bao*:< jround 

(x.King is a significa.nl problem in high - temperature; cnomical reactions, such as the pyrolysis of 
h/erocaibons. particularly in the nroduction of ethylene. 

Ethylene, the lightest olofinie hydrocarbon is the most important binding block o f the petrochemical 
industry. Ethylene is produced almost exclusively via the pyrolysis of hydrocarbons in tubular -oactor coils 
whir ,h are externally heated by a furnace (see: Chapter 8 in Pyrolysis of Hydrocarbons, p. 109- 142. Marcel 
Dekker Inc . New York (1980)) High belectivity lowael the production of destred olefins (i.e.. ell ylene and 
piuoylene) and diolehns (t e.. butadiene) with minimum methane and hydrogen p'u Juu'.iun end euKing in the 
coils loading to longei heator runs arc desire:!. Tins is achieved by oporahng the pyrolysis heaters at hign 
temperatures (700 - 900 ' C). short residence times (0.1 - 0.G sec) and low nydiocarbon partial pressures. 
Steam is added to the feedstock to ■ educe the hydrocarbon pad al pressure- and the amount of cat loon 
do post tod or the tube wails. 

St< arnloss cracking has boon investigated as a ootcntial mean; of increasing production capacity and 
rra-imizing energy efficiencies (see "Stoamiess Pyrolysis o f Ethane to Ethylene". Paper 101. presented at 
a mooting of the- American Chemical Society. Boston. Mass.. April 1090 by Y. Song, A A. Lcff. W. R 
Klic wer and J. E Motcalfi The: work cited above was performed in a tube made cntirol/ of silicon carbide. 
The use of tubes constructed of silicon carbide, howovoi . would not he pess b e cn an mdastna scale 
because of the low mechanical reliability and fabrication problems of this material. 

Tubulai reader coils, also known as pyrolysis heaters, are an mportant facet of operation to consider 
pao.ly because -.7 < eke loposcion (see Kirk - Othmor Encyclopedia of Chom cal Technology. Vol. 9, 
"Etnylcno", J Wiley & Sons In Now York (1979)) The merhamsm of coke formation has ooon postulated 
(sor L F Albright & J C Marck. Ind Eug Cnem Res . vol 27 73 1 and 743 (1988)). but has yet to bo 
modeled ir pieciso trains 

I~he reduction of !be rohrrj rate and trV eytensi- on of Iho roaetoi run tunc have boon the subject r.f 
several investigations and enmmemtal applications eoo foi example the Piodncs Bulletins CM - 2G? CM - 
526 V eM-5267. G - 5268 loy Nalen Ciom Co . Petroleum trod Pi or ess Chemical Division. 1800 Eoorsoo 
Bldn - Houston Texas). 

For instance!, the; use of a siheon dioxido layoi ;o inh bit soke armation inside :he;rmal cackmg ma .lot s 
is known from UK - 1.3 32.569 and U.S. paten: no 4.099.990 In par lieu ar . in U S patent ne. 4.099.990 the 
silicon dioxide (Dating is i 'blamed toy thermal decomposition of an alko* /silan ; in the vapei phase. Fho 
silicon dioxide coating icOjccs cok.ng rates Although any non - < atalytir suifaee would be effective foi 
coke reduction tno factors which deter mine irrfustn.il applicability of a coating material a-o the following' the 
tl curia o-oansion match ry the layo- with the metal, the mo ting punt of the coating material, the degree of 
strengto. bnttleness. adherence, the resistance to A/ear and corrosion, ano so on. From this pjint of view, 
silicon dioxide films huhc from many drawbacks, mainly due to the /vide gap between the {normal 
o<i:ansion '"oe-ffnents of sncrin dirxrlo and rf :he me-tal sul^s'ratc This mismalrli causes [ oor a Ihe-^mn <>l 
th: layer t'. the si ilosti ale. poior tlanrna shock and spallat on e-sislarii i : 

US Pat. u d No 3.536 /76 'liscloses a rriethod n : reducing ccku in the 1 high temperature ■ orv(.'isiun of 
h /en k arbons by utilcing a r»:ar-oi whn h is r.e»ated with a rnrrtal • r • matenal 'Ontamifn j ; artn as < >f t 
atalyti ,al!y iner*. efra' t<oiy solid ceramic sul.)Stan< e • list > - e < • : m '.hn>e iurr 

Thus. 'he*ro remain:-; a nc;od f<or an apparatus whu.h exh h Is a mmIik el t'ond.a cy to undergo coking. In 
prira'Oilar. 'h ,-re remains a need for - t methcxi and ,ir apparatus for pyr C'lyciri j h v«'lr-"n" ai l."'.»ns whu h arc.- free 
•o' lie- al " ' = vt ; - do'Sc i KM.'d diawli.ick.s fti.io' a S'O i. mains a r ., - 1 fof a rti.-tlv-'i f<o- fiu'du'ing mi-' n un 
appai cC us 
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SUMMARV 01 THE. INVf N T ION 

A» ( ■ >n iingly it is an obj( e | o( thf. pro-sent mvoritior m provide a novel apparatus, which exhibits a 
rudu od loMidoncy In unduigu ..oking 

It is ano'.hoi « )t >j< a t of the; pmsuut invention In provide a novel apparatus for the pyrolysis of 
hydr n'ii-hons whn.h minimize;: tho coking rate 

It is another ob ex t of Ihe present nivoivim tri provide a method f f r preparing such an apparatus 

It ts another obje* : of the pies out invention to provide a mother! of oyroly^mcj hydrocarbons utilising 
such an appaia'us. 

/a Those and other nhiects. which will become apparent during tho following detailed description, have 

boon achieved by the inventors' d^scovoiy that the reduction of the coking rato in reactors whicn arc subject 
t.j coking can bo achieved by the controlled deposition, on iho unci surface of the toactcr cracker tubes, of 
a coating ioMvod from a silicon organornotali'C precursor, in an i n or t or reducing gas atmosphere in order to 
limit thu formation of <*y\(\o ' -■■ ramies 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

Aci; ordmgly. in one ombcdiment. the present invention relates to a method for passivating the n nor 
surface of roac-ot tubus which arc subjuct to cukiriy, wherein said surface is coated witn a thin layer of a 
.'<> ceramic material, said ay or noiny dopusilod by thermal deuumpesitiun of a silicon organon total lie procufsur 
in thu vapui phase in a ooriti oiled inurl oi reducing gab citmobpher u in uidei to minimize the formation uf 
oxide 'ici amies. 

The t'urs - obtained ociamic mateual consis's essentially of silicon raibido silicon nitude. -silicon 
i arlnnitndo cr mixtures thooof Minor aiTiounts of silicon dioxide, silicon o<yearbdo or sihcon oxymludo 

") may form dining the deposition without imoainng the effectiveness uf the layer. Thus, the mole fraction of 
oxygon incorporated in tie ceramic layer is suitably 0 to 20 mol °o preferably 0 to 10 mol ,; o Moreover, 
f-ou r. in bun may bu prcamt in tho f.eiarnic ' < imposition, derived from "excess" carbon based on 
:;toi<.hiomutry i onsidur atmns. The amount of froc ■ arbon is suitably 0 to 30 m A °o. preferably 0 to 20 mol 
c o. AddiimnaMy . up to 10 mel. % of other inert materials derived from the precursors or the gas rarnor may 

in bo incorporated in the coating without detrimental effects. 

The puru: pal advantage donvtng from the so called Cnomical Vainer Deposition (CVD) of thin films (sou 
Vapor Deposition. Eds C f : Pov/ull. J H Oxley J. M Bmchor Jr.. J Wiley & Sons. N Y (1966)). is the 
atorr - by -atom natuu? of thu deoositmn pi o*' ess which e immatos outgassiricj problems. This process n'ton 
rose ts in lugh f Im gua it v 

f lic cnoico of the or janomotallio molecular si, eoiu^ that an • likely to servo as efficient C VD precursors 
is dependent on a varrsy of fat" tats The choice of the molecular precursor must take ink account such 
farters as thu physical pi mortios. ease of synthesis and handling and tno condemns regurrd for 
Ine.'rrnetlysiK rf tne precursor in morn to make < oahngs nf so tat">'e quality 

Orgarn unulalln' pcrmsc. s sueaule for Ihe present invention aru selected f-om silicon romi >ourds which 
are volatile at lomf.oiaanes below tlie deposition process. Typically, but not exclusively, these < umpounds 
will inntain <mu ni mere siIkchi atoms with tho othu: atoms being careen, niliogur., oi hyotugou rhrjse 
i C)rn: h mnds may alsu contain uthet elements suea as i hlorinu ei uyyejen Carlson r an be readily supplied 
f-orn th< prui ursoi but may a so ui: suppli ;d Irort tliu ecu ur gas. allowing the use uf i ar b< «n - frt;< ; sileetn 
< > cm: m i t ts as pre* uis-MS. For example, a - mixture- i 4 H.SK.b . (:< = 0 to 4) and CM: can be usejel 

Ihe f'o/ibilitv in kiri(.;tif. s and decomposition mechanisms of silicon compounds alfords deposition 
eontie.il al< nej :ho hcigtli ef heat«;ei tul")ing 

Thus, the prc'ferrec pieeursors are: . fiara<: tei iced by tlie folljvyang rugu t Of nesits Tf^iey possU'SS <i SC)Ltre..e 
ef si n ' » r i <at* ims. X. and a soure<; uf < ainon at-Mns. Y. ond ootionaMy a seuiee *if nitrexjen atoms. Z. with the: 
pruv su dial tlie remair int) a'e»ms are net ir < fiipotated in ma|nr amounts in the: resulting - enanm layeo It is 
t ) be unrteistecd that thu sources X. Y. and / may bo pi avidod eilhui by different >:<:m\ x »unds or the same 
(.01711." Mind 

Sili« on c »mpounds sintaule as proo irsors for the rocdt od of the f resent invention ore listed hel 'W: 
fie- Mint :thyli iisilacant '» .-tramo-th /Isilano (dudlv/lamirc 'Humethylsi aoe. feopn -pylam nojaimct-Vy Isilanc. 
( lirn thylamiu- Citnrr etfi/b ilan* ; hi | itamethylrJisi asane. uisdsepr* >\ e/lamineneiimi .-thylsilano. h» ; v arra»thyl - 
disilane-. tetramcttiyl- i silazane. (« ln,tt ylamino)tr icthyls lane. tetiakis(elimf:thylamino)£ilane. b s - 
( !irn 'lhyl t :inif ■' i.rn* shyhal tne (dirnethylamino t r lotny Is i lane. turn* rthylsilane. (dim* - thy am in - j) - 

bun. i Id i moth y I si Ian .■ (dine ,-th ; ; anir ■ upui - nylmi .-thylsi lam .-. (2 - \ m. oly lain re at - im< .-thy Isilam :. tr s ~ 
(>.■■! i ' 1 1 1 y I u m i m • )i n i th r •!■- Mar u . iirnu'lhy lolant • bis<ejn -thvlan)ini > tun .-thy ha lanes (drnit - thy amino) 
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t >. -r . • y 'lrm .thylsilam hutylnn thylohe lylsilarie. « in:-. »pi ■ \ y kimirn < win (hyl< Ml >t . i [ t iru ■ . in turn* th /I'r eilaearn • 
h sn limethy Limirvaphtaiylsilune i -i.-y leu -ihyli hU »■ ■ > - 1 t ir u . tin--.. <| n ■[ <y Oilaf r« : d ^ j mi 'thy kirrnni a - 
n e'.hy Isilur n . > d,.tuy lme;thy silune.\ tin thylsilane. t Jis(dnni :thylamirn >n .th yiMkiru.; In afn -th v ' d isilasane and 
(dno< tl iy Ltinirn • )i Irm* .thy I filar 10 

Mr- tares uf differ* nt > I'.jari' iin»:ta Ik <.ompounds may also In; suitably' used 

The method of : oa'.irtj aeccndir g to the present invention is rained car. bv simply f oaling an 
( ')f qano-notalhc compound n a eond oiled inert or i educing gas atmospheuo i.e. undci conditions whico 
rrn amuo tin: (urination of oxide eei amies, thcieby obtaining cur tain advantage's in (fiat tho £t< nchiomotr y of 
tl o ' or arm;:-, is o ntrrillable. It s possible that tho i.i;iamcs' physical properties do theimal » ;>:pan on >r and 
sti i. ngtu) i; :w\ \ >e influenced 

Foi this purpose, carrier gasos which arc mod oi rodm ing under tht: i caption conditions, such as 
mtr<"»gon argon, helium, methanes ethylene, ethane, hydrogen and mi- tines tnoiuol an sueaole Miner 
amounts cr oxygen or ov /gun - containing gases, such as careen ducti le and monoxide, do not impan the 
p'Oi loitios ji the el:)tainor1 coating. 

The concentration ol the; precursor in the car not gas must bo adjusted so as to avoid tho formation of 
powders rho i)ot mirri on< ontradon thus depends on tht. ident t> of the precursor and on the operative 
conditions In general tho concentration is suitably loss -han I0.0°c v v. prof drably less dan 5 0"o v v 

rho deposition is generally earned out at atmospheric or sightly subatmcsphouc pressure 

Because the decomposition kinetics are different foi differ ent preeersors. the temperature' of deposition 
can vaiy from 600 to 1 000 C, preferably 700 tu 900 C. Decomposition kinetics are directly responsible fci 
tit; deposition bohav or obs.ui veei. It is impueant lu note' that lunlalions :e deoosilion temperature arc 
namly imposed t: y engineering technical reasons, for example, tho uppoi temperature hunt tor pfooursci 
deposition is determined by the upper temperate* o limit of the furnace fno freedom tr. choose among 
piO'.in'Sois possessing deferent decomposition characteristics affords tne or por'.unrty to ace oinmodatc tho 
limitations e»f the apoaratus. Through adjusting flow rate cf carnor gas. it is possible to rondo 1 tho 
rro^orr-ont n*' the maxmum deposition sore within tho tube length from tube mlot to tube ou'.lot. 

The des red thickness of the ceiamic coating should be such to provide; complete or near coverage of 
the tube irside surface. The thickness reguirxi for having an effective coating depends on the surface of 
the tube Tho local thickness can be af for ted by surface roughness. T/ptcally. coatirrjs of 1 to 20 urn are 
used. 

Thus, the present invention is characterised by I ho following advantages and features: 
(1) Tho ceramic coating retards the formation of coke dopes ts by the oassivadon of the catalydcally 
active metal surfaces winch ate present in tubular *oactoi coils in steam oi stoamioss hydrocarbon 
pyrclysis reactors A first consogiK. nee is an increase in productivity 1 »f ethylene, since the 1 reduction in 
cekmg raie increases tne duration between docOKing rydos 

i?) Significant opoiation < ost savings aie realized since; the decrease >r tho ia'0 of i.oko fo'mation also 
dc Mor;ase:-, the amount of ener«"jy loguirod in the form nf heat and thorefiiT; less r nel is ronsumed 
e^) The pios< nee of the- passivadon layer may nogr. r idt) If'fi car ; m ir cation i .-sistancr- of fhc steam rr acker 
alloy tubing, resulting in a cos: savings from less frequent tube; replacements. 

(4) With lespoct te die <nown methods where silon rimxide is used, a significant mi.rovemonl m the 
match of theonal -'Kfjar^sion :.o< e'fic « >nts liotwcce 'he i oramtr seating preS(;ntod hen*. in ane the alio/ 
ste-el floating tul>es f.)n^Hi( "us an tncroase in the operative life of the coating itsulo 

\b) Anoth'M alvantagc of in - situ o ganomotallio cfieimcal vapoi d<;pm;i:ion is tfiat n^oro boating < an bo 

applied if and when eoalng faluu en s 
It is to 1)0 under stoo i that, although the piesect method is paiticulaily well suited fo ttio coating ef 
apparatus usc;d in tho p/rotysis of hydrocarbons, padn i.ilarlv in tne produ tion r>f ethyle-ne. the presort 
rr (Ofir)O may bo benefit :ia ly applied to any apoaratus which is suboct to <~o<ing 

In ano:h».'f on IxDelim- 'iv.. tf'O piesent invention legates Icj appafatuso-s which aie subiC'Ct \i coking In 
f »,ir :tc ular . the p esenv af jparatuses prssess at k.'ast urn. n.'aetrji ti l)o c>f whieh a surfa is o.iated with a 
laye-r of a leramie material er risi st e c j »:ssontially ol sih- ( "ni carbide, si in on nitrieo. -nlicr.in i ai t'y initm le ci 
rr ixtunis tlieeTif Mirc»r am jun'.S of sihcn' dioxide. siliC'.tn oxysarbide or s 1 1 1 ^ f < n oxynitrtdc; may form during 
the- deposition w thc>nt irnpainn'j tnr- i.:ffj.;e tiv one: s of the: lay .r run- the; mo|( fra' tion o\ 'j/ygon 
irvor pr. rated in tht : eoairi'" laycn is sutably 0 to ?Q mo I ° 0 . prt;fr.rably 0 to 10 rnc-l °o \\u amo ant of fn> ; 
e.arbon is suitably 0 te 30 mol 3 Q . pm-f-.-rably 0 to 20 mol 3 n 

A gene-ral d scussion >.jf apparatuses uso i f r a r tla; pyrolysis of hyeio-.firoons is ( } |Vf ;n ' n Kirk - Othmo 
E'ury. |up,:dia of Chemn.al I e< tmolr»gy . vol 0. "Eth/leih;". pp. 393 - 431 Wile-y N.Y. (1080). A'hnh is 
iM'uiperatcd herein L>y r- ft .le-nce- A . :ise ussm "n « if the rif'paiatus and leaction . oodil on pararne-ters I i h-j 
'"onsnfeie-d A'he-n maxirri oing (la; f .r- >Ui< don of ethylene m hyr tr near t m.ii oyi il/s.is is \ i ovn If /d in I EC 
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Chambers ot Hydioearboii Proeessirg. January 19/4. pp 121 - 120 wh < I) s also nn ofporaled heteir by 
r ;l* M( :ru ■.; 

It is profeued that 'he present apparatus bo 'm the pyu lysis >f hyi fox ar I ions II is partioulady prefern m 1 
loat he present at, )paratus be for Me steam oi steamless producli hi of ethylene hy cracking. 

Ifi a third urn I odiment. tho present invculi'jn iclatos to a me'hod >f pyoly/ing a hyCrooaroon hy 
utilising a roa< tni in /vhich the: mnei surface is < • .ati ;< \ with a layor of a coram o material consisting 
o ssontially r.f si icon carbide silicon mludo. s lit" on caibomtride of miMuros ttio* « Minor amounts of sih.on 
dioxide, sihocn oxycaibido oi sucon oxymtude may term fluting the < lep eition without impair .ng the' 
offer tivonoss of the layer. Thus, tho molo fraction of oxygon incorporated in the co;amic layoi is so. tab y 0 
tn to 20 mol. °e preferably 0 to 10 me I. °o The arr.o.inl of fmo carbon s suitably 0 to 30 mol. °o. prefer aby 0 
to 20 mol. % 

As noted above, a general discussion of tho pyrolysis ot hyd'oearbon is provided in Kirk-Othmof 
Lnc.yclopedia of Chemical I ochrology. vol. 9. |jp 393-431, Wiley. N Y (1980). which is incorporated 
hero-ip try reference. I bus. the- present method of pyrolysis may utilise a vanety of foodstccks such as 
o'hano. propane, o- m iLicomponont hydrooatbon feedstocks (o..j.. natural gas liquids, naphthas, arid gas 
Oils). The particular conditions utilised, such as temperature, pressure, residence lime. Mow iatu c j t < i will 
depend on the paiticulai geometry and characteristics of the reactor and identity of the foudstcok being 
used. Solomon of the aupropriato eaction conditions is w this the abilities of one having culinary skrl in 
Ens art Pn.foraLily. the present n othod for pyrolyz-ng hydrocarbons i- either the steam or stcamless 
. 'a pf eduction of ethylene 

Having generally described the, invention, a further aude f standing - an be obtained by referenoe to 
rodoin specific examples whieh are pn »vided heiom fei purposes of illusaahon only end an; net intended to 
be limiting on 'ess other w so : :\ o< ified 

"> EXAMPLE 1 

A general dosonption for depositing a coating is a:; follows: 

Tho mganometalhc precursor h< ?xamothyld sikcar io (HMDS) was obtainc;d fiom Potramh Systems. 

Bristol. PA 19007. of puuty 98%. with a boiling point of 126 C. By direct measurement, it was found if a 
in gas acis sparged through tho iguid HMDS at kioiti temper aturo and Now rates loss than about 500 ec mm. 

tne coneonttation rf \ho HMDS m '.he exit gas is 2 2°» vv The- earnei gas was argon and the flow was 

controlled by a mass flow controller ob'amod from Tyian Corp . Car sore California. AT oonm?i tions between 

In*:- bubbler and the cylinder regulators wo'O sealed to ensure that no oxygon r>r water entered tho supply 

linos and to cause 1 undesuable Side reactions 

The isothermal furnace used meter long quarts tubing in ordoi :o vocally inspect tie deposoon ^ mi : 

and nature of the ceramic Tho furnace was controlled such that a temp*, -atu-o of >[ m m alien existed above 

tnat if the; cn ;c ompositior lompoi ati irc> rf HMDS o 720' C) 

HMDS earner, gas was passed Ihrough the tut ing (220 c c mm fcr 10 minutes) The result was a black, 

adh( ierV coat rig. that mieioscopir obse-r valrori tevc-aled to [hi i rronth and rofitniid i c The; thickne ss of the 
>n cjKiting was determined to no 2 to 12 arm A sc;: tioo of tutjincj. associated with the decomposition, was 

observed :o bo darkest in a cx..ation whore the temperatuio' m the gradient furnace had been field it 720 (; 

i.«r rrajfe^ fins d(;position cone is de-pt ideal on the rate of injef tion fle w rate- Uosidc-ni a time) arid or tho 

t» :rnpei aturo- Umucj tfieS(. vau.il'jk.'S it is possible to ( .oat the* lull ongtl of a tube- 

EXAMPLE 2 

rfie- ex|:ier iment was c '.>r clue U. d m the same reac'o- des' nbc-d ir Example 1 1 I r ^ this cases tin. 
S'tganome'aMi' proc. ur sor (dimetl lylamiu ato 'tuy Isi lane was usee T his pUMiirsor was obtairierl via lala ira- if y 
- y nthi sis of tfie « omp* iind 

( Di m < .' : h y lai T) i no ) t r 1 1 . 1 1 y I s 1 1 a' i e earner gas /vas ( ass ;d throueh tutiing {1342 * mm foi 1 . ; w houis.) Fhe 
r ;sn I was a black, adherent coding, that m»;ios«opir ol'-seivation - v al-. 1 t i \xj smoi'rh and ■■ f ntini i' his 
The- IhiCKrcjss of the i « atircj A'as d»;t> a miru:d trj 0t- 1 t<< 17 urn 

t"-: AMPLE 3 



r he- '■ : *\ n r i m e r 1 1 '.vcr- > n du> f< d in the- aff • re-a« '<>• 
' ■! ga'v in. satlf pc ur--.r i " ta.m. -thy Mnsilasane' was used 
- /nth. so- 'I tin .■ ' 1 Hnf n i in. I 



' 1- ;S' nber I ir f" rami T • 1 In tfus ■ aso. tin : 
fhc [j(t'<nrs''i .vas uttaine-il via lot . a o ■ ■ r / 
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O' . t iiTr -I'lyitiiMia." in. ; > iti 1 1< f - j t r. A<iS . <e « ! U n 'iigh tuhmg eL (i nun (■ it fj ? h- mr ) I hi; n ; nit was i 
b a« k 4 n ihi -n -nt ■ aim- ). Lu.t inn ■.»;.' ■ <: <n 'I e. i .\iti< >u f . •» il< •< I I- < : «. ■ mtii ■■ >th end : ■ .ntimi' uc f he thr kru : 
Ol t * l * .■ i i mt n< j was i li.-lt -i mm m I - > I u • ? \> > 1 um 

L " AMPLE 4 

The O'l.onmcnt was or idi.c tod in tho saint.; iea~toi dosmbod m Example 1 In this case, the 
on janomotallK pr u». ursor t >is(< iinx;thv!amino>mothylsilano was used This |n<ursoi wjs inbtain^rl via kit • — 
oia'.ory syi ithosis of the i Lirnpoji "1 

Bis(dimethylamino)mothylsilane < .a- 1 iui gas was passed thr < u i jh tuning i,4^ n inn foi 6? hxiri) Iho 
u Milt was a black, adherent '.. oatmg that microscopic cbser vati< >n r < ,v« ;aU .d to he smooth and continuous 
I no thrkncss ol the dealing was • It t ;rmin: 1 to he 3 to 19 um 

E .« AMPLE 5 

To tost Lie O JKt: mitigating auihty of the above : eiamie coating, test c< h jpons i f 1 in :h > 1 4 inch >: 1 16 
m-.h m sice wore cut from substrates of 304 stainless steel. The i >upons woio inserted into tho euarv tut)':: 
furnace and coated a .cording to the conditions of Example l Part of ;he coating was removed to uxooso 
the underlying metal surface All coupons wore then insetted into a stainl ;ss steel tube in an ethylene 
sk am ( racking redder and s uujol tor I to rapid coking s un litic ns. Cokiruj uf the exposed see tier .y e-f 
coupons wdi ul.)M. ' vei.l while nu sk jtu leant coking o< cur red mi tfre ouutud coupon soctoub 

EXAMPLE G 

A i. tjmpaicitive study was made of the amount of coke formed in oxidized Inr.olo/ 000 tub rig versus 
ceramic coa'od Incoloy 000 tubing. Cracking experiments woo pcdcimod using 0.3/5" OD x 0.305" ID 
tubing with a heated Icrg'.h of approximate y 150 cm The ceramic coated tube was prepared o> tho 
rrcthoo described in Example 1. The uncoated tube was oxidized overnight at 850 C in flowing ar T^ ic 
conditions of cracking were: butane steam ratio of 60 40 (vol. 3 o) with a residence time of 0.75 seconds at 
850 ' C for 6 hours. Tho ncroaso m weight resulting from the ciacxmg operation was found U bo only 75 
mg for the coated tuoo but 400 mg for the uncoated tube. This difference took into account tho pretosi 
weight gams: from the; ceramic coating in the case of tho coated tube (approximately 75 mg). and from 
o-idation of the metal in the case o' the- 1 unseated tube (approximately 10 rrgr Therefore tho r-jiami: 
coaling reduced tho ooking rate more than five tunes with respect to tho uncoated tube 

F XAMPI F 7 

A sW .-am less ethane < racking experiment was performed to < omparo • r atod and i .nr oatod lubes with 
inspect to coking and tho influence on product yield or eTIuen? Pwr experiments were rrineuc te-d at 350 C 
uung ethane as tl <; foodMm k with a msidence time- of 0 37 seconds and total run tirTH; >f 3 flours "I he first 
e> porimont was p;rffjrmed in an lnrtjoy-800 tube which was coaled with the ;cramic layer aoc < ji dim j to 
the method of Example 1 Thr: coated tube shewed no measuabo mass ga n a tei ronoctincj -o' oxidation 
of Ihe OUtoM tube surface and the mass f.if tta; i ciamic layer File booend i;/pi;inii'.;iit was dent.: in an 
o/idize 1 I lneeloy-800 tube, r h ; oxnlic(;d :ubt; showed a mass gam due to t eke )f 3 grams lies amount r>f 
ooko ugjfescnts appi oximately 0 ? rroki percent of the ethane feedstoc k. 

During pyrolysis the effluent composition was monitored oy gas < hronatograohy 'or. ethy ene (C H-. c 
olhane (C H. ). f.>ropylene (C H. \. nKjthano (CH-. ). i\< ety one (C H '.. 1 .3 - butadiene (C-.H. ). r arbon men - 
code (CO) and "arisen die ode (CO ) Hydrogen was deter rr mod by differ cure. Both effluents fum tne two 
f.: ■« penmerits weu: very similar as sIioa'ii : -e'lf.^w in Taljli; I In addition, the i fflue-nt S ompriMtions n;mairied 
ne-arly 1 ' instant wch Irnt - . cor the di iatn">n o.f ;h . p ,i irrieril 



EP 0 540 084 A1 



r ah l [ i 



Avt ;r cif j< : Fffuonl Cue Ti| :< >srti< >' ) fo> Stoamless Pyrolysrs of \ thane 


i . II M J* - I 1 \ j* )\\ \ \ j\ .H let }\ 


clllll-.. w U (. 1 1 1 .» ' J ILIl.H, 


0>adi/< ]( j If'Coloy Tube? 


Ethylene 


10 3 fv< j| ° i ) 


;?9. \ (vol °o ) 


Ethane 


33.7 


37 1 


Hyd-ei gen 


33 5 


30 9 


Mothano 


0.8 


2.0 


Acetylene 


0 1 


0 1 


Propylene 


0.4 


0 3 


1 .3 - Butadiene 


0.3 


0 3 


Carbon monoxn Io 


0 5 


0.0 


Cat bu'i dioxide 


0.5 


0 1 



.'U 

flrese resu ! ls indroale that in the labor alui y I has been deanor istr atco 1 lhal the application of a eeramic 
coaling -educes: tin; amount ot oo*e formation on the inside of loactni lubes witn or without us ng steam as 
a diluent 

Obvously. -lumoious mwOifie atians and sanations of the present invention arc possible in light of the 
"> abovo teachings. It is thorofeno to he unrtorsiood tnat. within the scope of the- appended claims, tho 
invention may bo pi act tied othoiwiso than as sp« :c fieaily doscriuect herein. 

Claims 

io 1. A method -or passivating the inner surface of a react a tube whicn is suojert to coking, fompnsrnrj 
ioc- imposing a non -oxygon containing siln on or "janet Metallic precursor in the vapor phase, in an inert 
u reeueing gas atm -jsphrro in said tube to oun a thin layer of a ceramic material on a surface of said 
•eactot tube. 

2. Tho method of Claim 1 wheiem said leactni is a reactoi lobe used n steam or stearnloss hyor oc at 'bnn 
nyrolysis 

3. Tho molted ar< eiding t > Claim ?. when" in ^aid i damn, mater ial ■ ( insists essentially of silienr ear hides 
--ill*. >n nilnde. silicon car I" onitndc: or rrrxtuu s tho-eef. and said "aaamir material < ontairs 0 to 20 rnol. 

id J o r f . ).<ygcn and 0 to 30 mol °o of free ■ arbon 

4. [tie moth id a< < * ir ■ in i* j to Clan 2. whouin ad siln < n « uganomotal \r pn.M irsi.i is. a sili< a n • ornpo ind 
A'lm h is vo utile at ti mpeiatinos lit. 'low those i mp oyed in the- dosx >s tion pmx ess 

*'* 5. f he method acc ending to Claim 4 wl erein said orgarometallio prow i r se a is so oi ted from Hie gt mp 
-insisting of hi ; 'am. .thyldisilazano lotr am of by Isi hint .■ (< liethylamini ntumelhy Isilano. us< )pi >"ipV amino) - 
urn .thy Isilano, ( ■ 1 1 r t i • ;thy lamincotumothy Isil an< ; hi ;ptarnothyli \ silaecne. t ususi >pn y amino) - 
1 1 r t l ;thylsilane. \ a 'am< Mhyldisilane. t atr ar nethy Ide tlacar io (diethvlamino)tuothy Isilane. '.otrak s - 

[< iiniottiylamira; )silan ;. bis(< lim.;th\ lair i no )rrethy Isilar (dim* ;ll iy lamin« > > t ■ n ;thy Isilano. 'rrnetnylsilane 1 . 

■j linn .tfiylaminr )l »< mc yld metfiylsilan* ;. n firnt :tf ylarniru.Of '>honylfTn :thy Isi anr.-. (2 - f)n oly acnino) - 

aim. .-thy It ilar n ;. ti isds >f ji' »| tylamno )r nethy Isilano. i limo'thy Is lane i ns(diethy la*nino)Tn ;tnylsrlane. 

■'dirrti ;thyl .min« )b» :n syltTiethy Isi lanes t n.ty Imetliy l| »hf:ny Isilano. ejus >p)n >| >y lamtno)rn(;tfiyls hlorosilaru;. 
■otarr cth /Itr isilasan* .. 1 ns(drrnetliylamin "j )phony Isilant .. I »< .re'/lm* .tn^ lehli a osilan* s tin -:.(. pi o: r v Isilano. 

:ns( "lrnetn^ lairifT > ■ r T a .-ttv/lsi lar o « liethyfni* Mh vlsi'an. .-. !r u .thy Is I a no-. [ « si< lirta .thy lam i no )othy Isilano. he * - 
imctl./lti silasane and (-Ii-tij ;thylarr in« »-d me'li/lsilnne 



6. 



lib. nu :\\u » I ,i' • i > i 1 1 1 r i g [• i '"Kirn S. .vti< ■ • ■ r i ■ ml - i )<in oi .talln pn ;i i c-m i ■ ■ u : --ami .-thy h iisi <i. 'am ■ 
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7. Mi fit ihi.. I ,;-<«.[■ Imi- j I i Claim b Ahcit-in - t ti« 1 ■ ir ■ ,ani «iti» .talli< pn.-i msm is l- Writ .it i /lamin< a - 
in. th, silan.- 

8. I h-.: method a< i oiding t< i Claim b when 'in -cud r i ■ jan< nr t •"alln" pr t .*r ur S' if is 1 1 tamt >thy Km-.iIm can> ■ 

9. I h. method ar i". rudng to Claims 5. wroioin said <">i ganomotalhc pfOans »i is b sidimothylammo) - 
r no thy stlano 

10. Fho method according to Claim >\ when-m said mod or reducing gas it £t:loctt m i f r < > n i the i^ioup 
■ onsisting of nitrogen, atgoi ho mm mothano. othylunu. i.-thano. hydiogt.n anr: mutnrot thuieof 

11. I ho method according to claim 10. wherein send mod m icikiniKj gas is nitrogen. 

12. I ho method in: i: * >f ding to <_ laim 10 whoron said inert or redlining gas is methane hydrogen mixtures. 

13. \ ho iTu;thod no "Or ding to Claim 10 whor an said nort <r roduoing gas is :orrmorc al pi oc ess fuel 
gases who*' an; derive 1 from metnano ethylene hydrogen < ;thane. 

14. The fTHjthfxi aceetdirg to Claim 2 wherein the e oncontrat on jf said si loon organomotallic pr e'CLii sor in 
said inert oi (educing gas e lest tnan 10 0 volume percent 

15. The method accodirg to Claim 14, wherein tho ujik entration of 5aid silicon oiganornotallio precursor 
m said mod o- i educing gas is loss than 5.0 vo ume oercent. 

16. The method according to Claim 2. whercm said process is thermal doeomoostion rained out at a 
tor-po-atuie of in. tween 600 and 1000 C. 

17. The method according to Gaim 16 whoroir said temperature is between 700 and 900 : C 

18. In an apparatus c ompnsing at least one reactor tube wh eh is subject to coking, the improvement being 
that said reactor tube is :oatod with a layer cf a ceramic material consisting essentially of silicon 
carbide, silicon nitride, silicon car bomtr ide or mixtures thereof and said cer amic material contains 0 to 
20 mol. °o ct :>xygen and 0 to 30 mol. % of fro.* carbon 

19. The apparatus of Claim IB. wherein said reactor tutu; is a oactor U be used in steam o stoamless 
hydrr v ai I mn pyt olyst s 

20. In a methoo uf pyroly/mg a hydrnr ar hnn, r-nrrpusing pyrolycircj a hydrocarbon in at least one leacto 
tube. Hi ; improvement hong that said reactor lube is coated with a layer o : a corami material 
consisting essent ally of si :mn ■ arlnee. s 1 1 n on nitride, silicon earbnnituclo or mixtures thereof ar d said 
'"nam ( rna'nual contains 0 to ?0 mol °o of oxygen and 0 In 30 mol ° n of free carbon 
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